On basis of the probabilistic economic cost model and the hybrid particle swarm algorith m, an imp roved reactive power optimization method of distribution network is presented, which emb races the effects of stochastic wind speed and load. Firstly, the probabilistic reactive power optimization model is presented after two important steps. One is to divide load curve into a number of frag ments and augment the control vector dimension's length, and the other is to divide wind speed probability density curve into a number of frag ments and build the probabilistic cost model. Secondly, on basis of the independent controlling theory, the react ive power ability of wind generator is used to regulate the distribution network. As a result, with the Niche operations embedded into the original hybrid particle swarm algorith m, an imp roved reactive power optimization algorithm is presented. Thirdly, the corresponding reactive power optimization software program is developed in VC++ program language on the platform of SQL SERVER database. Lastly, with this software system, the case study is done. The experiment results have proved that this method possesses better adaptability and computational efficiency.
Introduction
As a type of excellent renewable resource, wind energy will be developed in an ever-increasing scale. Wind generator is ordinarily connected to electric power system at the part of distribution network. When wind generators are connected into distribution system, the reliability o f electric power system will be improved. At the same time, because of the connatural uncertainty and intermittence of wind energy, the problem of reactive power optimization of distribution network system will beco me more co mplex, especially under the scene of high wind power penetration [1] [2] . In recent years, do mestic and overseas experts have studied the problem in a certain extent under high penetration scene. For examp le, the uncertainty of load has been studied in literatures [3] [4] . In literature [5] , the ability of supplying reactive power of wind generator is further used as one of the important control measures. In literature [6] [7] [8] , the optimization method is imp roved separately fro m d ifferent views including cost punishment factors, stochastic probability model, two-step control policy, etc. Moreover, a number of new methods have been presented to solve this nonlinear co mbination optimization problem [9] [10] [11] [12] [13] . A mong them, the intelligent methods are most promising, such as GA [12] , PSO [13] , etc. Though the present methods are excellent, there yet exists the requirement that the new and fast methods should be presented to speed the solving process of the nonlinear mathematical optimizat ion problem, which is fro m the distribution system with various DGs , such as wind generation, photovoltalic generation, and so on.
The structure of this paper is as follows. In section 2, the uncertainty of wind speed and load is analyzed, and the control vector model is designed. In section 3, the reactive power optimization model of distribution network system with wind generation will be present. In section 4, on basis of the original hybrid particle swarm optimization algorith m, a better imp roved PSO algorith m is built, with which the problem of react ive power optimization can be solved more quickly. In section 5, the improved algorith m is applied to a case system which stems from the IEEE 33 nodes system. In the last section, some important conclusions are summarized.
Uncertainty Analysis of Distribution Network and Its Gene ral Sche me for Reactive Power Control
At a different mo ment of one day, the load scale of distribution system is also different. Th is uncertainty can be described as shown in figure 1.
While the load changes, it is necessary for us to change the responding control measures to let the network loss be the least. However, due to the act time limitat ion of control devices including taps and switches, the control 1 devices can not be operated in limitless times in one day to track the changing load. In this paper, load forecasting curve of a day is d ivided into a nu mber of s mall segments (e.g. M). In each small segment, a concrete control measure is executed [10] . Further, if wind generator is encompassed, even in the i-th small segment of load curve, wind speed is also stochastic. This stochastic process is represented as wind speed probability density curve [14] , which is as shown in figure 2.
In figure 2, 0  , R  and T  are separately called as starting speed, rating speed and stopping speed. According to figure 2, the p robability density curve between 0
where N is greater than 3. In each small segment, the speed value is calcu lated approximately by three point method. Hence, in each small segment, the reactive power output of wind generator and its probability value are separately calculated below.
(1) In the first small segment, the act ive power output of wind generator G1 P equals to 0, the probability value is presented as
(2) Fro m the second segment to small segment N-2, their active power and probability value are separately as
(3) In s mall segment N-1, its active power and probability value are separately 
In most situations, wind generators are made of asynchronous motors. In term of asynchronous motors, their active power output and reactive power output can be regulated independently within limits while their output voltage can be controlled by feedback systems [5] . Hence, their reactive power supplying ability can be used to regulate the network loss . With transformer tap and capacitors, all the reactive power regulating measures in small segment i of distribution network load curve can be represented by ' X , which is further represented as   .The dimension number of the control vector ' X is
. As a result, the total control vector in one day is represented as 11 12
In formula (9), the total dimension number of control vector X is
Here, P is transformer number; S is capacitor number.
Probabilistic Reactive Power Optimization Model of Distribution Network

Calculation of optimization index
There are co mmonly 2 types of indices for evaluating reactive power optimization of distribution network system, which are the network loss and the integrated economic cost. Here, we select the equivalent economic cost. The integrated economic cost is calculated by many factors which include line loss, act cost, voltage equality. Its calculating process can be represented as
In equation (10), L K is unit act ive power price, Loss P is the total line loss; C1 K is the act cost of transformer fo r each time, T A is the total act time of all transformer taps; While the uncertainty of wind speed being considered, the network loss of each small segment of load curve can be calculated by the follo wing two steps. Firstly, the loss of each scene is mu ltip lied by its probabilistic coefficient; secondly, all the network loss of each scene is summed. 
Therefore, in load s mall segment i, the network loss of wind speed probability segment j, where the active power output of wind generator is T ij P , is represented as
In equation (11), B is the branch number. Further, the network loss of segment i of load curve is represented as
The total loss is represented as
Then, the total voltage offset amount is represented as
In equation (14), B is the total node number. The method for calculating T A is represented as
In equation (17), ij T is the tap position of transformer i in curve segment j; when j equals to 0, that means the tap position of the last moment of the day before yesterday. The method for calculating C A is represented as
In equation (18) 
Equations of Constraints
The control vector in equation (10 ~18) should also abide the following constraint conditions. 
Power flow constraint condition
In equation (20), G m Q and W m Q are separately the reactive power fro m transmission system and the reactive power absorbed by wind generator.
Voltage profile and act time constraint condition
In equation (22), i T is the transformer's ratio. In equation 
Hybrid PSO Algorithm and Its Furthe r Improvement
As the position of a transformer tap, the capacitor's running status and the reactive power output of wind generator are there types of different variables, the basic PSO algorithm needs to be improved so as to become a hybrid PSO algorith m to suit fo r a mo re co mp lex situation where continuous variables, binary variab les and discrete variables all exists.
Hybrid PSO algorithm
In distribution network planning, a nu mber of locations are selected to install capacitors and there will be commonly a few sets of capacitor banks in one place. If the regulating functions of transformer taps, capacitors and reactive power output ability of wind generators are synchronously encompassed, the dimension length of particles is the total sum of the nu mber of transformers with tap, the number of capacitor banks and the number of wind generators. If a certain dimension is wind generator's react ive power output, it is continuous variable and its value range According to the different value type, PSO method needs to be used in different forms.
(1) If a certain dimension stands for the reactive power output of a wind generator, this dimension can be represented as a continuous variable. Hence, such an evolving process is presented as
In equation (25B), the function of () Integer  stands for the integer part of a float variable.
(3)If a certain dimension is the running status of a capacitor bank, this dimension can be represented as a binary variable. Hence, such an evolving process can be presented as
In equation (26B), function   S  is a sig moid function, which can transfer 
Improvement of the hybrid PSO algorithm
Niche is the critter's living environ ment under special limitat ion conditions, which shows the critter's tendency to live and breed with the other critters which have similar character and sharp. If absorbing and co mbination operations are carried out on the critters which center in a local condition, the calculation amount will be reduced greatly and the calculation speed will be quickened obviously. Here, this function is used to the hybrid PSO algorith m. If the fitness value of a certain particle remains approximately invariable , a circle's Niche is made, which center is this particle and which radius is the distance fro m this particle to the closest particle. 
Case Study and Discussion
In VC++ program language, the software system of the reactive power optimizat ion algorithm is developed on PC computer and with this software system case study has been done. This case system stems from IEEE 33 nodes system, which is as shown in figure 4.
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Calculating each particle's F, and compare with the best value. If it is less than the best value, the best personal value and the best global value are replaced by the current value. Here, we suppose that the changing law of all the loads is the same and the load curve is as shown in figure 1. When we have div ided the load curve into 24 small segments and used the three-point method to calculate the equivalent value, the load curve can be transformed into the equivalent fold line, which is as shown in figure 5 .
Further, with Monte-Carlo method [3] , separately in allusion to each load duration segment, the probability density curves are produced. There are 24 curves in total. According to the mathematical model of wind generator, the active power output and its probabilistic value can be calculated.
Here, we suppose that In figure 6 , the vertical ordinate value is integrated economic cost. Fro m figure 6, we know that the optimization processes are both convergent under the two optimization indices. In fact, the processes become convergent at the 14-th iteration recycle. It is obvious that the integrated cost under the index of the least integrated cost index is less than the one under the index of the least network loss.
In order to verify the effect of the reactive power supplying ability of wind generators, we let the optimization calculation be done separately under the different scenes, which include Using WG's Q output ability and Not using W G's Q output ability. According to table 1, because of the active use of WG's reactive power, both the network loss and the integrated economic cost have been reduced greatly while the reactive power supplying ability of WG is used.
In order to verify the co mputation efficiency of hybrid PSO and improved hybrid PSO with Niche operations, we have realized RTS algorithm [16] , hybrid PSO, imp roved hybrid PSO in VC++ program language on basis of IEEE 33 nodes system. The maximal iterat ion time is 60. The results are as shown in According to table 2, in terms of integrated economic cost, network loss, capacitors act time and transformer regulating time, the results of the three methods are almost the same. Ho wever, in terms of consumed time, 
Conclusion
Based on an integrated economic cost model and an improved HPSO algorithm, a new method for reactive power optimizat ion of distribution network is presented. Here, the important views are summarized below.
(1) Based on the probability coefficients, a method for calculating line loss and voltage offset is presented, which ensures the real value o f this wo rk, while the probability density curve being divided into many small segments.
(2) An improved hybrid PSO algorith m is presented, which can take account of continuous variables, discrete variables and binary variables. This method also has the stronger ability to solve the nonlinear integer co mbination optimization problem.
(3) Relative to the other distribution network reactive power optimization algorithms, which are listed in table 2, the applying scope of this new improved method is extended and the solving process is accelerated.
